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miim^mmtmmmmmM.mHw CO. cozs^^nj^JctB. mnmrn^'f- 
mm\-)$mmmK^mm^'. m^f^mmmi^^^T . ffl*^^7K 5-8 }k 

2Ti02 + 4C = ri2CO + 3CO 
3Ti02 + 5C=Ti3C02 + 4CO 
4Ti02 + 6C=Ti4C03 + 5CO 

ri02+c=rio + co 

2Ti02 + 4riC = 3Ti2CO + CO 
4Ti02 + 5TiC = 3Ti3C02 + 2C0 
2Ti02 + 2TiC = TUCOa + CO 
2Ti02 + TiC = 3riO + COo 

y 100 kg/cm'~1000 kg/cisC ^mtJ^Sl, 

4, mmm^ 1 m 3 ;;fi&6<];^a, m-^^^: ^Mil;tf;*J eOO kg/cm=~1000 kg/cm-'. 

14. 100kg/cm'~1000 kg/cm' t^&t}f$.M* 
- 6, in^XfiJg* 1 ^ 5 ^;rM6<]:^ry4 , ^#tE^E^ : I^m&tl^ 600 kg/cm-- lOOO kg/cra% 

8. tin^lfijg^ 1 ^iEfiti:^}*, ^#tiE?E^: W TiO • mTiC ^P0S, mW-^^Mt-i 

f^m^^^M.^^mm^M^: PBIR^^J 0.05A/cm*-l. OO A/cm', 0. 10A/cm'~l. 00 

A/cm', 

rofii^0.20 A/cm-'~0.5 A/cmS PJS;^ 0.10 A/cni'~0.4 A/cni\ 
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^M.)ikmM.itm%w (CO. CO2) m^n.m^WLih. ^mm^'i'm^mmm 
^m^M:^mit^^i&d^> ^^mh m-mm^b 43%, [^^m. m^, 

(0.44%. ^m^mTtm^wnffi s, {x?>:iFiifi<j 2.0%), 'fi;ii^fJ:6<]mtTj^^a 

:^m±rmi^^mm'^:^ 5.6-10.0 us$/kg. nm^^=i'm^m^, m 
m^^^^^mif^^n'n, ncu ^m$i^^i^^^m (xm m. v. oinatta. 

Process for the electrolytic production of metals [Pj. US6074545, 2000; M. V. Ginatta, G 
Orsello, R. Berruti. Method and cell for the electrolytic production of a polyvalent metal 
[P].US5015342,1991: Mt. LiCl-NaCl-KCl ^^^JtSj-^iftMifc 

^ZtmT^S.m'^^M. .111(1984): 23-28; ttiia:, ?[5|Pi&. ri(IV)^^ifc«f* 

^i^^vc.^yEm.m±mm^^x^,27{i99iyA65-m. ) . 

Ticumiitm'?, mik^mmmi^, mm&x±it^]^^M 
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i^mm, mmx^^)^ d. j. Fray %tM%'\^'m^i~mx lioz^^ 

W.^^^M.IR.Vcm^m^m.^rm^'^m^li'^ iXm-. G Z. Chen, D. j. Fray, T. 
W. Farthing. Direct electrochemical reduction of titanium dioxide to titanium in molten 
calcium chloride. Nature, 407 (2000): 361-364) . W:T[kWf^%J^'^\tYiiQ\\^\^, K 

i^: G Z. Chen, D. J. Fray, T. W. Farthing. Direct electrochemical reduction of titanium 
dioxide to titanium in molten calcium chloride. Nature, 407 (2000): 361-364; D.J. Fray. 
Emerging molten salt technologies for metals production. JOM, S3 (2001): 26-31; G Z. 
Chen, D. J. Fray. Electro-deoxidation of metal oxides. Light Metals, 2001: 1 147-11 51 ) . 

{ifijfi^^ FFc x-&tfym%m^m±i^mmm^i:kTisim: 

(2) mmum^'i^T-:^^. riOi *^#<*. ^m^mmR^^'^^miPim 

(3) ^^^m^-^rnsLmmx^mMitmm^m^mm, #i.Bs^«tfti 

mj. FFci^wxiik^fi<)^«Mwmm. PM^w^i\>j.±.mmi.^ 
f^simm^, Mm^±xm)«tiJ»M±ji?<^3^sRjiWiis (M.F.Liu,z. 

C. Quo, W. C. Lu. An investigation into electrochemical reduction of TiOa pellet. 
Transaction of the institute of mining and metallurgy, sectrion C. In press) . 

Bim%K^m^ (Okabe) |P/Mf (Ono) ^iwj#ffli$i4^itl^f^j^%jiif JI^M 
^%J-k.M^ CXi^: T. H. Okabe, M. Nakamura, T. Oishi et al. Electrochemical 
deoxidation of titanium. Met Trans., 24B (1993): 449-455 ; K. Ono, R.O. Suzuki.a new 
concept for producing Ti sponge : calciothermic reduction. JOM, 54 (2002)(2): 59-61) , 

TiOj'^mm^M^Mr^^mm; m ffc m^^^^^tmmTS^&^iit-:^ 
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mB^K^mmnmm^m^^'^fo tkm^±.mB'mmmi^^. ±tH:^s 50^ 

■ft. E. Wainer (.^^: E. Wainer. Cell feed material for;the production of titanium[P]. 
US2868703, 1959.: E. Wainer, C. Heights, O. Assignor. Production of titanium [P]. 
US2722509, 1955.) tji. TiC fO TiO tfoWMM-^J^, i£ llOO'Cm^T ^fliLmJ^I$. 

Ticfp Tiommw (TiC -TiO) , Mi^m^w^itmrn^ik^m. mfi:^m^ 
*R±w CO ^wnih^Rm^E.mm^rii^ mmu) , ^it^mis^mmu 
^smm^. ms^mm no ^-^^u tic m±mwf^^i^^^. mst Tic m 
Tio mmw^^'fmj.'f-^mmmmi^. mR^mm^i^TmwLrmmM. 
it-^mnw (CO, CO2). jfamm^^m^mA^mm'p, m.m ^f/^mer mmti^ij 
^^^iUTicfoTio^ii*4. TioT-^$M^^nM, ^Rimn^mmmw 

El*^5S^JF3fSA^^* (Y. Hashimoto) im&ifiimm TiOz^fijmnm^, S^SHi^ 
iST O1700-C) m^^W^mit'k (TiC doped by Oxygen) , #KJl:ti*jPB>K% 

m. i$m^^mmu^.mmi^ cxm-. w^^nB. ri-c-o-^^* tu^rn^ 

i t 4 Ti O^SIlitm/ij?. B*^.M^#lS, 32(1968):1327-1333.: t 9 

'■^ <^ ^iSi^Sfil^ 4 fKp°nii( 5 )-Ti-C-0 ^^tt^ti o ^ ^ > Uti^iiJ . B 3f: 
^Ji^#sg, 35(1971): 480-486.: m^UB. ^-^i^Tt Ti-C-O *J J: TiC oT^tt 
liliJ: "J O Ti '^ifetii.S*^fel^#EI, 35(1971): 282-289.; f" ^ > 0}§ 

^i^mmmm «- *j »t ^ -p^m^^m^. tix<o j.m nc t- ^ -c. b*^m^^^, 

35(1971):487-493.: iU.^tjt TiC f^^iMit <- M t -5 5ff (1 1 |g) - TiO; 

^KS^^tt- TiC ^. C/'l}^*?^^, 17(1970):168- 

175.) , iB.^mB^mm^}immmmf-mmui^&m^i^. ^sws«± 

^, w-m^mw^mmwm^ Tio-mTic c^^ o^m^n mmm 
n^i^^^^um, ^-iiTiKim^j^TiO'inTic (^4- o^m^i) mmw^mm 
m, ^^^itm^^Mzm, m^^mm^M.^^:hm^nw (co. 
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CO2) mt^M.Htkiii, Mffi^miMmmmxi^mmmmm 

^mt^ Tio • mTic PH^, "K^- o^^m^i; ^m±mmm±±mm^itmm^^% 
# CO, co2safLn^{±i. mH^mm^^m^m\m&^mmtiimmm 
i^mmmmmn, ^K^mmr^^. mx-^xtmnT: 

1. ^:Xit^^mfMmmmTi02^WM. 100kg/cm^~1000 kg/cm^a<jil;^l^ 
^MBtlVt^ 600 kgW~1000 kg/cm^ 4 6OO'C~16O0*C6<ja;g?SaF'illt£ 

TiO • mTiC (^4^ O^m^l) K^. 

2Ti02 + 4C=Ti2CO + 3CO 
3Ti02 + 5C = TiyCOz + 4C0 

4ri02 + 6c: = TucOi + scp 

TiOj + C^TiO + CO ■ 

21102 + 4110 = 311200 + 00 
4ri02 + 5TiC = 3Ti3C02 + 2C0 
2Ti02 + 2TiC = Ti4C03 + CO 

2Ti02 + TiC = 3TiO + CO 

3. !iltt:^S/iSTt-#6<]TiC|nTi02^If44, W 100kg/cm-~1000 kg/cm^6<jE^ 
f$.^ELt}i)t^ 600 kg/cm^~1000 kg/cm"; i£ 600 'C-l 600 X: fill iajglgfflrtJt 
^S/ijt«;BcW^Ji#%14B^6<I TiO • mTiC (^4" O^ra^I) PBtg. 

5. ivp^ 1 2 Tio • mTic (S'^' o^^ra^i) ^mWi, ^^-^^m 

6. i6>l^l^3i£ffi6<J:t§Slf^;^%)l¥?K. ^OttiS 4 j^ffl6<I%:Ka^FfejS??fe, :S400 
TC-000-Cfi<l2ajgT%)i?. 
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7. ^m(l^^m^^lQ,m^m: mU. 0.05A/cm2~1.00A/cm\ -ftii 0.20 
A/cm^~0.5A/cm^ P^tS, 0.10A/cm^~1.00 A/cm^ i^j^ 0.10 A/cm^-0.4 A/cm^ 

TiO-mTiC (^^ O^m^l) S ffeft?, JJ^f imifc^fiPa^KE^aW 

m 5 ^*:g:B^^-i?ij 4 PJtR/*=j^w x-|*^mitS 
m 7 ^*j*:SBJ^0iJ 6 PJ:KJ*=i^6<jfciM%tM>i-. 

^mmi . 

2Ti02+4C = Ti2CO + 3CO 

(kg/cm') jajt CC) ffi;^ (Pa) afi^T^H?) 

1000 1200 70 4 

2Ti02 + 4TiC = STijCO + CO 
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(kg/cm*) 


iam cc) 


Btl (Pa) 




300 


1000 


60 


4 



mumm^w^^'^niiM^m^ 72 wi*. «\^si5ffi%pit.®ip?^ 0.05 

^B^m^^ TiC • TiO 



CO cm*) 

800 NaCl-KCl 0.10 0.4 

(%) 

m^m- — 

Ar O2 CO CO2 

W^f^ 99^94 OOl 002 003 

^miOM'^HM 99.04 0.00 0.91. 0.05 

^m^f$.i3mwLU^smm^. i^nmn^m (iw/%) mW(B^^m=f7\fi^ 







^ 2v l^fi^aa^S (A/ 


CO 




PBtK^^gt^^ (A/ cm') J, 

cm ) 


500 


LiCl-KCl 


0.10 0.20 
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3ri02 + 5C = TiaCOz + 4C0 











( kg/cm') 




(Pa) 




1000 


1350 


70 


4 



^x^^wm^mWi. mmMm Naci-Kci ■)^^%^mmxT^^^m^\<^w^ 



^B 

CO 




a % ijS w M (A/ 

cm^) 




780 


NaCl-KCl 


0.10 


0.20 



^^^^^^S^Mt^&jg (%) 


Ar 


O2 CO 


CO2 


*%ft¥Bt 99.95 
^ji!?20^f-tB^^'J 99.38 


0.01 0.01 
0.01 0.03 


0.03 
0.58 


feJ4m^Sit^%«^^ 89%. 

RO -fcUifcil 


mwi 6 ^^j 5 mw^m^m^i'mim. 

■ft^ 210ppmo 


Ti02 + C = TiO + CO 










(kg/cm^) M CO 


Bits (Pa) E 


\im (/ha^) 


1000 1450 

n- >CP? XiJ iiiAi X-h /-i- •Ht /tL xm -^yi/ 7S7 r+i ffO . 


60 

1^ 41 f!hm*m:>U. :ih/ik3Ql^r 


4 

s; RR eii R£; 
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cm') 


m^^m^m (A/cm*) 


500 


LiF-NaF-KF 




0.10 0.18 






mm 




(%) 




Ar 


O2 CO CO2 






99.98 
99.13 


0.02 0.00 0.00 
0.87 0.00 0.00 
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iJi m =^ m m mvm 




^6 



200510011684.6 ife 1? Wt S ^4/4^ 



> 

Q. 

o 
o 

CD 



< 

Si 




